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Motivated by the H-mode physics, the 
experiment has been done by use of the biased electrode 
near the plasma periphery. We here study the spatial 
structure of the radial electric field in the presence of 
the radial current across the magnetic field. It is found 
that there exists a solution of solitary structure of E r' 
It is shown that the bifurcation of Er takes place from 
a radially-homogeneous distribution to the· solitary 
structure at a threshold voltage imposed on the 
electrode [1]. 
The equation of radial electric field E r is a 
nonlinear diffusion equation as 
where J ext is the current which is driven into the 
electrode by the external circuit, £0 is the vacuum\ 
susceptibility, and J r is the "local current", which is 
determined by the radial electric field at the same radial 
location, and ~i' is the ion shear viscosity. The current 
and E r is related through the perpendicular 
conductivity, J r = o(Er} Er . In this article, we study 
the case that the neoclassical current is dominant in Jr' 
Compared to the structure of E r, the other plasma 
parameters are slowly varying in space, so that they are 
treated constant for the simplicity. 
We here study the case that the ion viscosity 
~i is constant. The dependence of the conductivity on 
Er is symbolically written as o(Er) == o{O)f{X), where 
E r is normalized as X = ep pEr / T (p p: ion poloidal 
gyroradius, T: ion temperature), and j{X) satisfies the 
relations f{O) = 1 and f{X) - 0 as IXI- 00. For the 
analytic treatment, we introduce the normalization as 
x = (r- ro)!P, "t = t / tN and 1= (ep p / To(O)Yext' where 
e = J l-l/o(O) and tN = £0£1. / 0(0). (The radius ro is 
chosen at the center of two electrodes.) Then the basic 
equation for E r is rewritten as 
! X = a22 X - f(X)X + I (2) u"t ax 
The boundary condition is chosen as ax/ax - 0 at 
Ixl- oo• 
To study the voltage-current relation 
quantitatively, let us take a model form 
f(X) = 1_X2/3X; <lXI < 13x*) and f{X) = 0 
<I X I > 13X *). Figure 1 illustrates the solitary solution 
for various values of external current. By performing 
the integral, the voltage difference V between the 
electrodes is calculated. In the smallllimit , we have 
scaling laws for the peak electric field, width and 
208 
voltage as X(O) - x;r1, II ~ X* / I and V oc x~r2, 
respectively. Dependences of X(O), II and Vpeak on I 
are plotted in Fig.2. The asymptotic dependence on I 
at the low current limit is confirmed. 
The bifurcation is described by the voltage-
current relation. The V -I curve is a multi-valued 
function as is shown in Fig.3 for the case of d = 20. 
For a fixed value of current, two solutions of V are 
given. For a fixed value of V, one, or three solutions 
of I are available. 
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Fig.l Solitary structure of the radial electric field. 
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Fig.2 Dependences of the peak electric field, width and 
voltage on current I. Solid line for the slope of r 2 











Fig.3 Relation between the voltage V and the 
current I. Bifurcation to the solitary structure takes 
place at A', and the back transition occurs at C'. 
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